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ABSTRACT
Antibody Production of Rats Fee Diets
Of Varying Nutrient Density
by
Radharukmani, Master of Science
Utah State Univ ersity, 19 71
Maj or Professor:
Department:

Dr. Ethelwyn B. W£lcox

Nutrition and Food Sciences

Available evidence indicated that the deficiency of a specific
nutrient in the diets adversely affect antibody production from a mild
to severe degree.

Studies of the errf ects of diet partially deficient

in various essential nutrients on antibody response is meagre.
Twelve groups of weanling rats were fed with diets prepared by
diluting the basal diet with 0 to 75 percent sucrose for 46 days and
their antibody r esponse was measure•d on the 28th, 40th and 46th day
using Salmonella pullorum as the anti gen.

The rats fed the diet

contain ing 75 percent sucrose and 25 percent basal diet had mean antibody titer of 15 as compar ed to 143 for their controls which were fed
100 percent basal diet .

The antibo dy titer decreased as the basal diet

was diluted with increasing amounts: of sucrose .

Comparison of anti-

body titer with total serum proteirus, serum vitamin A, hemoglobin, and
hematoc rit s howed that a multiple d eficiency in the diet depresses
antibo dy respons e much more severely than total serum proteins, serum
vitamin A, hemoglobin or hematocrit .

Rats which had coprophagy pre-

vented had slightly lower food intake, growth rate, antibody response
t han rats allowed coprophagy.
(55 pages)

INTRODUCTION
The extensive studies carried out by FAO (1959a, 1959b, 1960, 1961,
and 1965) reveal that malnutrition and undernutrition are widely prevalen t throughout the world both in underdeveloped and developed countries.
FAO (1963) also concluded that half o ~ the world's population i s suffe ring from malnutrition.
The recent dietary surveys carri~d out by the United States
Depar tment of Agriculture indicate th,at malnutrition certainly exists
in the United States of America and t ·he diets ar e deficient in essential nu trients such as iron, calcium, vitamin A and vitamin C.

The

most recent comprehensive National Nutritional Surveys under the directorship of Dr. Shaefer and Dr. Johnso1n brought to light that 35 to 55
percent of the population studied are malnourished and children
between the ages of 0-5 years are the most frequently affected group
(Shaef er and Johnson, 1969).

Since Illlalnutrition is prevalent through-

out the world, much effort has been expended in developing methods for
evaluat ing the nutritional status of individuals.
The techniques so widely used is assessing nutritional status are
a combination of physical, clin ical, biochemical and di etary meth ods.
Though these methods have yielded highly c orrela t ed data, they fail to
give conclusive evidence on the degree of malnutrition (Ferro, 1966) .
The techniques are also expensive, time consuming, laborious and
invo lve highly technical instruments and personnel.

So, a need for a

simple specific and objective test f ~ r the apprais al of general nutritional status is evident.
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Investigations of Kenney et al. (1968), McGillivary (1968), and
Ludovici and Axelrod (1951) have all shown that the deficiency of a
specific nutrient depresses antibody production.

It is possible that

i nadequate diets consumed by individuals or the state of nutriture will
also affe c t antibody production.

Therre is ample evidence for suggesting

t hat antibody response be used as a s1mple index in the assessment of
nutrit ional status.
The investigations so far ·carriefil out have usually employed a
severe deficiency of a particular nut:rient, or studied the antibody
response in hospitalized individuals.

Studies in experimental animals

which are only partially deprived of specific nutrients will bear a
close relationship to the degree of nutritional depletion commonly
encountered in humans.
It is therefore decided to inves;tigate the immunological response
of young rats fed diets with varying nutrient densities and compare the
results with other commonly used biochemical findings.

It is hoped that

this experiment will yield valuable ilnformation for evaluating the possibility of using antibody response as a simple and quantitative index
in assessing general nutritional status.
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REVIEW OF LITERATURE
Antibodies are globulins modif 1ed during synthesis in response to
a specific antigen.

In health the fuody tissues respond to a foreign

protein by forming an antibody or by synthesizing the new protein gamma
globulins.
Antibody globulins like other fuody and plasma proteins are derived
from dietary protein and thus their synthesis essentially depends on the
intake of adequate good quality protein.

Since antibody globulins, like

other s, are made up of amino acids, the antibody forming cells can
function only when a supply of these amino acids is present.

The

dietary absence of one of these ami.no acids could diminish the ability
of the antibody producing cells to fabricate an adequate quantity of
antibody.
The extensive work done on antibody production in response to
various antigens have shown that vitamins and minerals also are
necessary for antibody production even though they are not a structural
part of the antibody.

Rather, they appear to be involved in the mech-

anisms of antibody synthesis.

Thus , if any one of these essential

nutrients is missing, there is impairment in the produc tion of antibodies.

Many investigations have iliocumented this fact clearly

(Axelrod, 1970; and Axelrod, 1971).
Available data on the relationship between nutritional factors
and antibody production are many and extensive.

In almost all the

studies reported, the decrease or i ncrease in antibody production
was not compared with serum proteins and other biochemical indices .
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In the literature reviewed below emphasis is given to studies i n which
an t i body production is measured along with serum proteins and to studies
in which the mode of action of nutrients in antibody synthes i s is
traced .
Evidence in the literature strongly indicates that inan ition per
s e has no significant role in antibody production.
There is very little information available on minera l s an d the ir
i nvolvement in antibody synthesis.
Nu trition, serum proteins and
antibodies
Extensive work on the relation of dietary protei n t o ant ibody
pr oduction has shown that hypoproteinemia decr eases a ntibody production .
These studies have been reviewed by Axelrod ( 1970) and Neibaur (1971).
Wohl, Re i nhold and Rose (1949) fo und t ha t hypoprot e inemic patients
receiving a s t andard hospi t a l diet supplemented with lactalbumin
hydrolysate produc ed higher an tibody titers against Eberthella typhosa
than the improved an tibody titers correlated with higher serum globulins.

The patients selec t ed had serum albumin level below 4 g/100 ml.

The total serlllll proteins increased in both the casein supplemented and
lactalbumin hydrolysate supplemented groups.

Benditt et al. (1949)

reported a gradual decrease in the proteins of serum, liver and carcas s
as well as antibody t it er in rat s fe d a low protein diet and immunized
with Fried l ander 's bac il lus .

They s tudied the l ev e ls of prot e ins and

antibody ti ter at intervals of 0 , 17, 32 , 43 , 56 and 100 days a ft er the
rats were on t he protein deficient di et .

The s e r um protein fell line-

arly a s pro te i n depletion pr ogressed f o l lowed by a proportional fall i n
the antibo dy tit er .

Prote in deple t ion produces marked changes in
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serum protein concentrations.

Gemeroy and Koffler (1949) observed that

antibody production was decreased in protein depleted adult rabb its
immunized with lyophilysed beef serum.

A decrease in serum prote ins was

also observed along with decreased antibody titer.

The adult rabb its

were first depleted on a protein-free diet and then repleted with a 24
percent casein diet.

Though some of the rabbits produc ed good an tibody

ti ters even after 98 days of depletion, the repleted rabbits had higher
antibody titers.

The antibody titers increased from 469 to 1448 after

37 days on the casein diet.
Krebs (1946) found that in a patient with uncomplicated nut ritional
hypoproteinemia the gamma globulin fraction increased from 0.15 g/100 ml
to 0.68 g/100 ml following a high protein diet, but immunization with
typhoid antigen failed to cause any antibody response.
Balch (1950) reported no relat ion between amounts of serum prot eins and antit oxin response to diphtheria toxoid in patients with poor
nutritional sta tus as compared to a group of patients either free from
disease or with abnormalities considered unlikely to interfere with
the study.

No relation was observed between serum albumin and anti-

toxin response.

Two patients with highest antitoxin level had higher

globulin levels and one patient with low globulin level showed no
detectable antitoxin.

However, one patient with the highest globulin

level had lower ant itoxin .

Scrimshaw, Taylor and Gordon (1968)

commented that the above study is not valuable because only 10 of the
25 patients had total serum prote in below 6 . 0 g/100 ml and only in
seven patients was the albumin level below 2.7 g /100 ml.
Kenney et aL (1968) found lower serum proteins in protein
depleted r ats which corr elated with lower antibody production against
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sheep erythrocytes .

The plasma gamma globulin in the protein depleted

rats was 0.38 g/100 ml as compared to 0.51 g/100 ml of their controls
receiving diets containing 25 percent protein.

The number of antibody

forming cells were fewer in the spleens of protein depleted rats as
compared to their controls.

Since antibody production per antibody

fo rming cell did not decrease in the deficient rats, the authors state
that protein deficiency had detrimental effects on the formation of
antibody producing cells resulting in a consequent decrease in immunoglobulin synthesis.
Wolf et al. (1970) reported that serum proteins of patas monkeys
fed on low protein diets were reduced from 7.0 to 7 . 4 g/100 ml to
5.9 to 6.5 g/100 ml in 6 weeks.

The lower serum proteins paralleled

with low serum hemagglutinin levels when infected with Escherichia coli.
The serum albumin levels were also decreased in the protein deficient
group.

The serum albumin levels returned to initial levels when a

high protein diet was fed.
Vitamin A and antibody synthesis
The extensive work done has shown that antibody production is
affected from a mild to severe degree by various vitamin deficiencies.
Harmon et al. (1960) observed that the agglutinin titers produced in
response to Salmonella pullorum in pigs fed a diet defi cient in vitamin A was significantly lower than the control group.

The total serum

protein levels did not change much in the deficient group; but gamma
globulin levels were significantly greater and albumin levels were
significantly lower in the vitamin A deficient group.

Following a

r epletion period of 6 to 7 weeks, the serum vit amin A level, serum
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protein and antibody titer were similar to those in the control gr oups.
The serum vitamin A level in the deficient pigs was 13.8 µg/100 ml as
compar ed to 29.3 µg/100 ml in the control pigs.

The net antibody titer

was highly correlated with the serum vitamin A level.

Panda and Combs

(1963) fo und antibody titers of 124 and b3 for normal and vitamin A
deficient cockerels, respectively, when immunized with Salmonel la
pull orum.

Later, Panda, Combs and DeVolt (1964) found that the l iver

vitamin A level of coccidiosis infeoted chicks was lower than the ir
controls.

The authors felt that the decreased level of vitamin A in

the livers of infected chicks might have been due to an increased need
for vitamin A for antibody synthesis.

This need for vitamin A in

antibody production has been supported by Kolmer (1955) and Greene
(1933) .

The need for vitamin A for protein synthesis was emphasized

by DeLuca and Wolf (1969) and DeLuca, Little and Wolf (1969).

The

high correla tion found by Harmon et al. (1963) between serum vitamin
A levels and antibody production further supports the above.

Vitamin D and antibody synthesis
Ludovici and Axelrod (1951) observed no decrease in altibody
titer in vitamin D deficient rats immunized with human erythrocytes.
Pruzansky and Axelrod (1955a) found that the antibody response was
impaired in rats fed vitamin D deficient diets for two weeks .

The

differences found in the role of vitamin D in antibody response may
be due to the diff e rent antigens used.
Miller et al . (1962) reported a lower antibody titer in vitamin
D deficient baby pigs immunized with Salmonella pullorum .

Similar

res ults were obtained by Stroder et al. (1969) in rats suffering from
rickets immunized with sheep erythrocytes bu~ not with influenza virus.
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Vitamin C and antibody synthesis
The role of ascorbic acid in antibody production has long been
controversial.
Kumar and Axelrod (1969) note& no deleterious effects of vitamin C
deficiency on the primary and seco1ndary c irculating antibodies formation
in scorbutic guinea pigs.

Young guinea pigs were fed highly purified

asco rbic acid deficient diets and i mmunized with diptheria toxoid and
3 weeks later the primary response of circulating antibodies were
determined.

Then a secondary dose of antigen was administered and the

secondary response of the circulating antibod i es was determined .

The

lack of vitamin C in the diet did not have an effect on protein synthesi s since the investigators did not observe any difference between
the total amino acid incorporating capacities of microsomes from the
spleens of normal and scorbutic giuinea pi gs.
Long (1950) found a slight

d~crease

in the primary antitoxin

resp onse and a great decrease in the se condary antitoxin response in
guinea pigs fed vitamin C deficie:nt diets for 35 days and immunized
with diptheria toxoid.

The author states that vitamin C has an

influenc e on antibody production.

He suggested that "the vi tamin is

concerned with the metabolic systems g overning the production of antibodies in cells already in a state of 'secondary responsiveness' than
with the respons e of these cells to primary conditioning by the ant i g en"
since comparatively little effect of the deficiency is found on the
primary response.
Werkman, Nelson and Fulmer ('.1924) f ound no decrease in agg l ut inin
production by scorbutic guinea pi gs after 28 days in vitamin C deficient
diet s for typhoid bacillus.

Sma ~l amounts of lime j uice were included

in the diet occasionally during the experimental period .
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Pyridoxine and antibody synthesis
The available data indicates tha.t pyridoxine deficiency impairs
antibody production.
Kumar and Axelrod (1968), using

51

Cr tagged sheep erythrocytes in

r ats,conc luded that the decreased formation o: antibody forming cells
in pyridoxine deficiency was not due to a diminished rate of accumulation of antigen by the spleen.

Their studies showed that the

decreased rate of formation of antibody producing cells in pyridoxine
deficiency is the result of a disturbance in the basic mechanism
involved in the formation of cells.
In recent studies, Montjar, Axe1rod and rrakatellis (1965) found
that rats fed a pyridoxine deficient diet had smaller quantities of
polysomes per unit weight of spleen and liver.

The decreased syn-

thesis of RNA components was related to the smaller quantity of polysames.

The decreased synthesis of

ID.~A,

particularly messenger RNA

(m-RNA), suggested a role of pyridoxine in protein synthesis as
m-RNA is involved both in the transl.ation of genetic information to
polypeptide synthesis and also a binding substance in formation of
po lysomal aggregate.

The impairment of the synthesis of m-RNA in

pyridoxine deficiency could thus reduce antibody synthesis.
Axelrod (1971) reported that pyridoxine deficiency impaired
nucleic acid synthesis with subsequent deleterious effects upon cell
multiplication and protein biosynthesis.

The impairment of nucleic

acid synthesis was linked to a decreased production of "C" fragments
from serine in this deficiency.

Since accelerated production of

rn-RNA accompanies synthesis of antibody production and pyridoxine
deficiency is manifested by decreased m-RNA synthesis, it was
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concluded that pyridoxine exerts its influence at the cellular proliferation sites (Kumar and Axelrod, 1968) as well as in the synthesis
capacitie s of the cell .
Harmon et al. (1963) observed that pigs fed a pyridoxine deficient
diet for two weeks produced lower antibody titers to Salmonella pullorum.
No significant differences were found in the total protein content of the
serum.

A slight decrease in serum albumin and i ncrease in globulin was

seen in the pridoxine deficient group.

They also observed a decrease

in the level of hemoglobin and erythro cyte and leucocyte counts as compared to the controls.
Hodges et al. (1962c) found only slight differences in the antibody titers against tetanus and typhoid antigens between pyridoxine
deficient patients and their control subjects.

Similar results were

noted by Pruzansky and Axelrod (1955) and Hodges et al. (1962a) in man.
Axelrod, Hopper and Long (1961) reported that guinea pigs fed a
pyridoxine deficient diet containing the pyridoxine antagonist deoxypyridoxine had significantly lower antibody titers than their controls
against diptheria toxoid.

These results are supported by Shiro (1967)

in studies with guinea pigs.
Stoerk, Eisen, and John (1947) found that rats fed a pyridoxine
deficien t diet for five weeks produced significantly lower antibody
titers against sheep erythrocytes .

Out of the nine rats, six of them

showed no measurable antibody titers while all the rats fed normal
diets had measurable antibody titers.

The lymphoid tissue atrophied

extensively and the lymphocytes were also reduced.
Axelrod et al. (1947) noted lower antibody titers in rats fed
pyridoxine deficient diets immunized with human erythrocytes.
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They sugges ted a possible role of pyridoxine in amino acid metab olism.
Similar results were noted by Agnewr and Cook (1949) using sheep erythrocyte s as antigen, and Axelrod and Hlopper (1960), using i nfl uen za virus
PR-8 strain.
Panto thenic acid and antibody syntmesis
A decreased serum antibody titer following a variety of antigeni c
stimuli has been repeatedly observed in pantothenic acid deficiency.
Harmon et al. (1963) found decreased antibody titer in pigs fed
diets deficient in pantothenic acid and immunized with Salmonella
pullorum.

They also observed a slight increase in the total serum

proteins and serum albumin but no ~hange in serum globulins.

Axelrod

(1970) stated that pantothenic aci <d deficient rats immunized with
diptheria toxoid affects the functional activity of the splenic cells.
Sp]enic cells from immunized pantothenic acid deficient rats, in contr as t to those from normal immunized rats ~ere found unable to fabricate antibody when cultured in vitro.

The DNA content of the isolated

splenic nuclei was found to be lower in pantothenic acid deficient
groups, showing the possibility of pantothenic acid involvement in DNA
synthesis.
Axelrod (1971) has clearly s ummarized the mechanism for the mode
of action of pantothenic acid in antibody produc tion.

Pantothenic a cid

defici ency, like pyridoxine deficiency, appears to affect the production of antibody forming cells and this function is not related to an
impairment in antigen metabolism by the reticule endothelial system.
There is a reduction in the in vivo incorporation of 14c-amino acid
into the serum albumin fraction, but hepati c protein synthesis is not
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affected.

Further studies using 14 c-amino acid have shown that panto-

thenic acid is involved in the secretion of newly synthesized proteins
into the extra cellular compartment.
Hodges et al. (1962a) found that men receiving a formula deficient
in pantothenic acid produced a lower antibody titer to tetanus antigen
than the group receiving a normal diet or the group receiving a deficient diet plus antivitamin omega methyl pantothenic acid.

No impair-

ment in the antibody titer was observed when . typhoid antigen was used.
Zucker and Zucker (1956) observed hemagglutitin titers of 128-265
for normal rats and of less than 1 for the pantothenic acid deficient
rats immunized with Corynebacterium kutcheri.

Similar results were

noted by Axelrod (1947) using human erythrocyte as antigen and Axelrod
and Hopper (1960) using influenza virus PR-8 as antigen, and Panda and
Combs (1963) using Salmonella pullorum.
Thiamine and antibody synthesis
Most of the available data indicate that thiamine deficiency
usually does not impair antibody production though a few indicate the
contrary.
Carter and Axelrod (1947) showed that the hemagglutinin production
in res ponse to human erythrocytes by thiamine deficient rats was only
about 1/7 of the control rats.

Zucker and Zucker (1956) found no

difference in the antibody response between thiamine deficient rats
and their pairfed controls.

The rats were immunized with killed

cultures of Corynebacterium kutscheri after being fed on the thiamine
I

deficient diet for 7 weeks.

Axelrod and Hopper (1960) observed that

thiamine deficiency in rats failed to affect antibody production when
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immunized with influenza virus PR-8.

These findings are in agreement

with the previous work of Pruzansky and Axelrod (1955) using diptheria.
toxoid as antigen.
Riboflavin and antibody synthesis
The available data indicate that riboflavin deficiency impairs
antibody production.
Harmon et al. (1963) found that pigs fed a riboflavin deficient
diet had agglutinin titers of 23 compared to 176 for their controls.
The pigs were immunized with Salmonella pullorum after two weeks on
the deficiency diets.

The animals did not show any differences in the

circula ting hemoglobin levels but there was a reduction in the circulating lymphocytes.

The total serum proteins showed a slight decrease

which was not statistically significant.

There was no decrease in

the serum albumin content but the gamma globulin in the serum
de creased.
Axelrod (1970) stated that riboflavin may be linked with amino
a cid metabolism and the role of riboflavin in antibody production may
be r elated to this function.
Panda and Combs (1963) showed that cockerels fed diets containing
even 72 percent of their riboflavin requirement had agglutinin titers
of 41 as compared to 121 of their controls.

The cockere ls were immu-

nized with Salmonella pullorum after they had been fed their respe c tive
diets for four weeks.
Pr uzansky and Axelrod (1955b) showed that hemagg l utin in titer
was re duced in rats fed riboflavin deficient diets for four weeks
and immunized with diphtheria toxoid.

The majority of the rats in the
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contro l group had ~n antibody titer of 12,800 as compared to 0-20 in
the riboflavin deficient group.

Similar results have been noted by

Axelrod et al. (1947).
Niacin and antibody synthesis
Ludovici and Axelrod (1951) observed a moderate impairment in
antibody production in rats deficient in niacin and tryptophan .

The

rats were immunized with human erythrocytes.
Folic acid and antibody synthesis
Folic acid has been shown by many i nvestigators to affect the
antibody production in both rats and chicks.
Ludovici and Axelrod (1951) found antibody titer of folic acid
deficient rats fed a folic acid-free diet for nine weeks was 0, after
immun ization with human erythrocytes.

Similar results showing that

folic acid impairs antibody production have been observed by the works
of Axelrod et al. (1947), Pruzansky and Axelrod (1955) and Axelrod
and Pruz ansky (1955).
Little, Oleson and Roesch (1950) noted a de crease in agglutinin
titer in chicks depr ived of f olic acid for 25 days in response to
Brucella abortus, Pasteruella multocida, Salmonella typhosa or Virus
of New Castle disease.
As early as 1940, Wright and Wel ch (1944) stated that the
utilization of pantothenic a cid may be dependent on the presence of
pteroyloglutamic acid.

This function of pteroylglutamic acid sug-

gest ed that its effect on antibody synthesis may be medica ted through
its eff ect on pantothenic acid metabolism .
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Vitamin B

12

and antibody synthesis

Improved immunogenesis was noted by Tashmukhamedov

(1966) i n rabbits supplemented with v itamin B12 via subcutaneous
i njections.

Bosshardt, Winifred and Barnes (1949) suggested that the

requirement for vitamin B

12

inc rea ses.

increases as the pro tein in the diet

The improved immunogenesis observed may be due to the

involvement of vitamin B

12

in protein synthesis.

Biotin and antibody synthesis
Several studies have shown that biotin deficient diets i mpa ir
antibo dy production.

Axelrod et al. (1947) observed that the

hemagglutinin production by biotin defic ient rats was only abou t
one-four th of the control rats .

The ra ts were immunized with human

ery throcy tes after being fed the diets for six weeks.

Similar

res ults were observed by Pruzansky and Axelrod (1955a) and Axelrod

(195 8).

Dakshinamurthi and Mistry (1963) state that in biotin

defic iency there is a reduction in amino acid incorporation into
prot e i n due to a reduction in the synthesis of dicarboxylic acid .
The poor antibody response obtained in biotin defi c ient rats may
be due to its role in the synthesis of protein .
The literature available clearly shows the significant par t ici pa t i on of proteins and vitamins in the produc tion of circulating
an t i bodies to vario us antigens.
Extensive work has been done to elucidate the mode of action
of pyridoxine and panto thenic in antibody synthesis .

These investi-

gat i ons show that these vitamins function at different locations in
t he development of the immune proc ess .

Pyridoxine appears to be
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necessary in the secretion of the newly synthesized protein into the
extracellular compartment (Axelrod, 1971).
The mode of action of the various other vitamins in antibody
synthesis and also the need for minerals in antibody production are
yet to be elucidated in detail.
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EXPERIMENTAL PROCEDURE

Experimental animals
Seventy male weanling rats of Sprague-Dawley strain were us ed.
The animals were weighed and randomly distributed i nto twelve gr oups
such that the mean initial weights of all the groups were 53 ± 5.
experimental design is shown in Table 1.

The

Coprophagy was pr.evented by

fece s cups as described by Barnes, Fiala and Kwong (1963) with a slight
modif ication.

A two-inch wide Elastoplast adhesiv e bandag e (Duke

Labora tories Inc., South Norwalk, Conn . ) was used instead of the sleeve
of brass shim metal plus a sleeve of good rubber tubing was added.
The animals were housed individually in wide meshed screen
bottom cages in a well ventilated, temperature-controlled room.

Diets and feedin g of rats
The compositi on of the basal diet is given in Table 2 .

The diets

used throughout the study were prepared from t he same lot of ingredients.
The composition of the miner al mixture and vitamin mixture used in the
basal diet is given in Appendix I.

The dif ferent mineral elements were

accurately weighed and made into a homogeneous mixture using a mortar
and pestle.

The amount required for the whole experimental period

was made at one time and stored in a refrigerator .
mixed in a stainless steel electric mixer.

The diets were

Thorough mixing of the

ingredients was ensured by mixing the vitamin and mineral mixture with
casein, followed by sucrose and f iber and lastly fat.

The rest of the

diets wer e mixed using basal diet and sucrose for carbohydr ate in the
required amounts and refrigerated until use.

Table 1.

Experimental design

Coprophagy allowed
Group

Number of
animals

Diet
Basal di e t
(%)

Coprophagy prevented
Sucrose
(%)

Group

Number of
animals

Diet
Basal diet
(%)

Sucrose
(%)

I

10

100

0

Ia

10

100

0

II

5

90

10

Illa

5

80

20

III

5

80

20

Va

5

60

40

IV

5

70

30

VI Ia

5

40

60

v

5

60

40

VI

5

50

50

VII

5

40

60

VIII

5

25

75

1--'
00
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Table 2.

Composition of basal diet

Amount (g)
Casein (vitamin free)

20.00

Suc rose

59 . 00

Fat
Crisco

5.00

Corn oil

5 . 00

Fiber

5.00

Mineral mixture*

4.00

Vitamin mix**

2.00

*J.

Nutr. 24:245 . 1942 . (see Appendix I) .
** Vitamin Diet Fortification Mixt ure, Nutritional Biochemical
Corporation, Cleveland, Ohio (see Appendix I).

The animals were fed ad libitum .
in two days.

Food was weighed and given onc e

Spilled diet was co lle cted every day and weighed.

food cons umption of all animals was recorded.

The

The rats were weighed at

regular intervals to the neares t gram .
Immunization of rats
The antigen Sa lmonella pullorum strain 17 (supplied by Veterinary
Sci ence Department, Utah State University, Logan, Utah) was used in
immunizing the rats.

The animals were given intraperitoneal injections

of 0 . 1 ml , 0.1 ml, 0. 2 ml, 0 .2 ml and 0 .3 ml of antigen on the 14th,
17th, 20th, 23rd and 26th day of the experiment, respectively.

A

booster injection of 0.3 ml of antigen was injected on the 44th day of
the experiment, and the animals were sacrificed after three days .
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Collection of blood and killing
of rats
Blood was col l ected from the retro-ocular vein with a heparinized
capillary tube on the 3rd and 15th day follow ing the last injection .
The animals were anethesized before being killed by cervical
dislocation.

I mmediately the blood was collected in tub es .

The whole

liver, kidney, spleen and brain wer e quickly removed, blotted with
filter paper and weighed.

The serum was separated by centrifuging

the blood for 20 minutes at 2800 rpm.

The blood was analyzed for

total serum proteins, antibody titer and serum vitamin A.

Antibody titer
The antigen Salmonella pullorum was diluted to 1:100 with physiological sa l ine on the day used.

Serial dilutions of serum to antigen

1:25, 1:50 ; 1:100 and 1:200 were made in duplicate and the contents
in tubes were mixed well using a vortex mixer, incubated for 24 hours
at 37°c, and refrig erated for 4 hours.

Antibody titer was read by

determining the highest dilution having a precipitin reaction.
To determine a positive precipit in rea ction, tubes were placed
under a bright light and against a bla ck background.

The reading was

based on the pattern in the bottom of t he undisturbed tube .

The tubes

which showed a thi ck sediment at the center of the bottom with streamers
were rat ed ++-; tubes with slight s ediment and short streamers were
given +; a few streamers extending from the bottom to the surface ±;
and others were g iven -.

Scores were also allotted as follows:

A positive rea ction on 1:200, 1:100, 1:50 or 1:25 dilutions received
a score of 20 0, 100, 50 or 25, r espec tively.
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Hemoglobin
Hemoglobin was estimated using the cynamethemoglobin method
described by Crosby, Munn and Furth (1954).

Reference hemoglobin

(Hyland Laboratories, Costa Mesa, California), 15.4 g/100 ml, was
used as a standard to prepare the calibration curve.

The reagent

required for the whole experiment was prepared and stored in the
dark in a dark bottle.
Total serum proteins
The total serum protein was determined by the method of Waddel
and Hill (1956).

Five microliters of serum were diluted to five

milliliters and the serum protein was measured spectrophotometrically.

Serum vitamin A
Serum vitamin A was measured using the procedure described by
Bessey (1950).
violet lamp.

The serum samples were irradiated using an ultra
Two lamps (Gr 15T8, General Electric Co.) were fitted

in a desk lamp and the samples were placed approximately 4 inches
beneath the lamps and irradiated for 3-4 hours.

The calibration

curve was prepared using vitamin A acetate (1 million units/g) as a
standard.
Statistical methods
Duncan's new multiple range tes t (Steele and Torrie, 1960) was
used for comparing the results among the various groups.

Student

't' test (LeClerg, Leonard and Clark, 1962) was used in comparing the
results of the corresponding dietary groups of coprophagy allowed
and prevented rats.

Ten rats were fed the basal diet both in the

copophagy allowed and prevent e d groups to obtain a better base line.
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RESULTS AND DISCUSSION

Antibody titer
The antibody titers of rats fed the basal diet were significantly
higher (P

<

.05) than the rest of the groups (Figure 1).

The antibody

titers of rats measured on the 28th, 40th and 46th day of the experiment (Appen di~ II) show that as the diets became more and more deficient
by increasing the sucrose, the antibody titer also decreased.

Antibody

titer was impaired more severely than the concentration of serum proteins.

Significant differences were not observed in the antibody titer

between coprophagy allowed and coprophagy prevented rats except in
Group I which had a significantly (P < .05) higher titer than Group
Ia (Table 3).
Since antibodies are proteins newly synthesized by the body in
response to a specific antigen, measurement of antibody response at any
given time should reflect the immediate status of protein synthesis.
Protein synthesis has been known to be affected by not only inadequate
dietary proteins but also by other essential dietary nutrients.

The

antibody response will not only measure the protein status of the body
but the sta te of general health.

In this study the decreased antibody

titers observed in the rats fed the deficient diets indicates that
protein biosynthesis was impaired.

This impairment could be either

due to any or all of the nutrients deficient in the test diets which
are required for protein synthesis.
Poor antibody titers were noted by Wohl, Reinhold and Rose (1949),
Harmon et al. (1963), Gemeroy and Koffler (1949), Wissler et al. (1946)
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Figure 1.

80% sucrose
% basal
diet

Antibody response of rats fed diets varying in nutrient
density.

Table 3.

Effect of coprophagy on physical and biochemical characteristics of rats
Basa l diet 100%
Carbohydrate 0%

Mean
I

Ia

Basal diet 80%
Carbohydrate 20%
t

III

III a

t

Basal diet 40%
Carbohydrate 60%

Basal diet 60%
Carbohydrate 40%

v

Va

t

VII

t

VII a

Body weight
(g)

304

264

4.42**

21S

241

0.3S

166

1S7

0.64

78

79

0.07

Hematocrit

5S

S2

1.99*

50

50

0. 71

50

48

1. 39

49

48

0

Hemoglobin
(g/100 ml)

14.2

14.0

2.21*

13. 7

13.6

0.31

13.5

13.3

1. 22

13. 3

13.3

0.19

8.0

8.0

0.09

6.7

6.1

1.88*

5.7

5.4

0.76

4.9

4.8

0.12

19.0

lS.O

1.38

lS.O

lS.O

0.07

14.0

14.0

0.09

11.0

10.0

0.14

l.6S

67

83

0.90

46

S3

0.4S

27

38

1. 82

0.18

9.96

9.7S

0.31

7.03

6.96

0.07

Total serum
protein
(g/100 ml)
Vitamin A
(µg/100 ml)
Antibody
titre

143

125

Liver
weight (g)

lS.27

13. 71

1. 39

12.8S

12.60

Spleen
weight (g)

0.68

0.61

1.44

0.41

0.55

5.07**

0.39

0.4S

1. 22

0.26

0.23

1. S6

Kidney
weight (g)

2.47

2.20

1. 7S

1. 64

2.03

1.83

1. 53

1. 46

0.74

1.08

0.94

2.26*

Brain
weight (g)

1.88

1. 87

0.23

1. 78

1.86

o.os

1. 79

1. 71

0.7S

1. 64

l.6S

1.15

Food Consump
(g/day)

18

16

4.04**

*Significant at (P < .OS) t .OS = 1.86
**Significant at (P < .01) t .01 = 2.SS

14

lS

o. 76

13

12

1. 82

10

10

0.73
N

-I"
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and Hodges (1962) in protein deficiency both in animals and
humans.

The lower antibody titers obtained in this study can be

attributed to inadequate protein intake alone.
Protein metabolism is also influenced by vitamins and other nutrient s as described earlier.

The studies of Pruzansky and Axelrod

(1955a) show that antibody production and growth are both decreased
by deficie ncies of specific vitamins.

The impairment of growth and

antibody production observed in this study may be due to the inability
of the animals to utilize protein for tissue synthesis because the
synthesis of protein is dependent on other nutrients including
vitamins (Axelrod, 1970).
Several investigators found a definite impairment in the antibody titer in animals fed vitamin A deficient diets (Pruzansky and
Axelrod, 1955; Ludovici and Axelrod, 1951; Harmon et al., 1963 and
Panda and Combs , 1963).

Panda and Combs (1963) have also found that

more vitamin A is required for optimum agglutinin titer than for
growth which indicates the involvement of vitamin A in the synthesis
of antibody protein (Arroyave, 1969).

Vitamin A has been shown to

be involved in the synthesis of protein in the intestinal mucosa
(DeLuca, Little and Wolf, 1969).

Harmon et al. (1963) stated that

serum protein levels were not affected by removing vitamin A from
the diet, but that protein or vitamin A deficiencies individually
impair antibody synthesis.

Since the metabolism of vitamin A and

protein are interrelated (Arroyave, 1969), and lower antibody titers
obtained could be attributed to both protein and vitamin A deficiency
or be due to an impairment in their interrelationship.
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Hypogammaglobulinemia has been observed in pantothenic acid or
pyridoxine deficient patients (Hodges et al., 1962a).

Total serum

proteins were significantly decreased in pantothenic acid deficient
rats (Shinde and Ambegoaker, 1967).

Riboflavin has been linked to

amino acid metabolism and pyridoxine is involved in decarboxylations,
transamination and desulfuhydrase activity (Meister, Morris and Tice,
1953; Dietrich and Shapiro, 1953 and Brin et al., 1960).

Vitamin B
12
is involved in protein metabolism and liver protein synthesis
(Bosshardt, Winifred and Barnes, 1949; Wagle, Mehtha and Johnson, 1957).
The mode of action of pyrldoxine and pantothenic acid have been traced
in detail (Axelrod, 1971).

It is likely that the lower antibody titers

observed might be due to any one of these deficiencies or a combination
of many other deficiencies.

The diets used were deficient in all of

the nutrients from mild to moderate degree except the basal diet.

It

seems more likely the lower antibody titer in this study is due to
multiple deficiencies.

The study also shows that multiple deficiencies

found in the diet more seriously impair antibody response (protein
synthesis), than other biochemical indices like hemoglobin, hematocrit
or total serum proteins.
Inanition has been shown to have no effect on antibody response
(Axelrod, 1970).

From this study it seems likely that the ratio of

calories to other nutrients rather than calories alone affect antibody
titer.
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Trotal serum proteins
The mean total serum proteins of rats on the various diets are
p~esented in Table 4.

The concentration of total serum protein in

Group I is significantly higher than the remaining experimental groups.
The serum protein levels decreased as the dilution of basal diet with
sucrose increased.

The reduction observed in the level of total serum

proteins of rats fed deficient diets is more marked than the changes
observed in the level of hemoglobin.

The differences noted in the

protein levels between the coprophagy allowed and prevented rats are
statistically insignificant (Table 3).
Kenney et al. (1968) found that in protein depleted rats the
total serum proteins, including the albumin and globulin fractions
decreased.

Low total serum proteins were also observed by Wohl,

Reinhold and Rose (1949) in humans during protein depletion.
The discussion under "Antibody titer" is also pertinent to
t o tal serum proteins.

Changes in total serum proteins were also

no ed in vitamin A deficiency.

Lack of vitamin A resulted in

lo~~ering the albumin fraction of serum proteins both in protein

supplemented and protein depleted rats, and a combined deficiency
of both vitamin A and protein had more severe effects on the
albumin fraction (Vakil, Reels and Trout, 1963).

Erwin, Varnell and

Page (1959) and Harmqn et al. (1963) found increased levels of
r-globulin and decreased levels of albumin in vitamin A deficient
animals.

Thus the changes in the total serum proteins observed

in this study could be due to an overall deficiency of protein as
well as deficiencies of vitamins required for its synthesis.

Table 4.

Growth

Hemoglobin, hematocrit,
total serum protein and serum vitamin A of rats fed diets varyin~
in nutrient densityl
Diet
Basal diet % Sucrose %

Hemoglobin
(g/100 ml)

Hematocrit

Coprophagy Allowed
I
II
III

100

0

90

10

±

0.3 a

13.9

±

0.3 a

54 ± 4ab

±

0.3ab

50 ± 2c

14.2

80

20

13.7

70

30

13.7 ± 0.3 b

v

60

40

13.5 ± 0.3bc

VI

50

50

13.5 ± 0.2bc

40

60

13.3 ± 0.3c

25

75

0.3 c

IV

VII
VIII

13.3

±

55

±

4a

a

100

0

a

80

20

va

60
40

III

VII

a

~ean

14.0 ± 0.3a

Vitamin A
(µg/100 ml)

8.0

±

1.0

19.0

6.9

±

1.0 a

15.0 ± 3.0 a

6. 7

±

O. 7ab

15.0

±

2.0 a

4c

6.1 ± 0.8bc

13.0

±

2.0 a

51 ± 3b

5. 7 ± 0. 7cd

14.0 ± 2.0a

±

2d

5.2 ± 0.4de

11. 0

48 ± 3d

4.9 ± l.3ef

11. 0 ± 5. obc

50

49

±

±

±

3.0

. 0b
4.

49

±

2d

4.5 ± 1.1 f

52

±

4a

8.0

± 0.8

15.0 ± 4.0a

Coprophagy Prevented
I

Serum protein
(g/100 ml)

6.7

± 3.1 c

13.6

± 0.lab

51 ± 4a

6.1

± 1.0a

40

15.0 ± 3.0 a

13.3

0.1 b

48 ± 3a

5.4

±

60

13.3 + 0.2 b

14.0 ± 3.0 a

±

-

48 ± 2a

0.4ab

4.8 ± 0.4 b

10

± standard deviat ion.
Values with the same letters are not significantly different (P <

± 4.0
. 05).

N
(X)
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Food intake of rats
The mean daily food intake of rats on different diets is
presented in Table 5.

The consumption of food was decreased as the

dilution of basal diet with sucrose increased.

The rats fed the basal

diet had the highest food intake both in coprophagy allowed and prevented groups.
The food intake of rats allowed coprophagy (Groups I and V) were 14
arud 9 percent higher, respectively, than the prevented rats (Groups Ia
arud Va) (Table 5).

These results are in close agreement with the results

of Barnes, Fiala and Kwong (1963) who noted a 10 percent higher food
intake in their coprophagy allowed as compared to their coprophagy
prevented group.

However, in this study Group III had a 5 percent

lower food intake than Group Illa.
Growth rate
The weight gain of the rats is sunnnarized in Table 5.

The

initial mean weights of the different dietary groups were similar and
weights of rats throughout the experiment increased steadily except
Group VIII which decreased during the last week of the study .

Mean

body weights of the rats decreased as the basal diet was diluted with
sucrose (Appendix III and IV).

Group I had grown significantly

faster (P < . 05) than Group Ia (Table 5) .

The differences in the weight

of growth of rats in the coprophagy allowed and prevented rats can be
attributed to the differences in their food consumption which is in
agreement with the data of Barnes, Fiala and Kwong (1963) .

But

Tadayyon and Lutwak (1969) concluded that the depressed growth rate in
coprophagy prevented rats is due to decreased ability in the utilization
of food and not due to differences in food intake.
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Table 5 .

Daily food consumption and growth rate of rats fed diets
varying in nutrient sensitivi ~y
Diet
Basal Diet % Sucrose %

Group

Mean food
consumption
(g/day)l

Weight gain
(g)

Coprophagy allowed
18 ± l.4a

304 ± 14

10

16 ± 0.6ab

263 ± 13

80

20

14 ± 0. 7bc

215 ± 26

IV

70

30

13 ± 0.8c

187 ± 22

v

60

40

166 ± 15

VI

50

50

13 ± 2.7cd
11 ± 2.2de

VII

40

60

10 ± l. 8 ef

VIII

25

75

8 ± 1. 2f

I

100

0

II

90

III

97 ± 15a
78 ± 16a
27 ±

7

Coprophagy prevented
Ia

100

0

16 ± 1. 7a

264 ± 23a

Illa

80

20

15 ± l.Oa

241 ± 27a

Va

60

40

12 ± l.lb

157 ± 25

VII a

40

60

10 ± l.lb

79 ± 22

~ean

± standard deviation. Values with the same letters are not
significantly different (P < .05).

Growth reduction in animals has been observed in almost all
dietary deficiencies.

Kenney et al. (1965) observed a great loss in

body weight of rats during protein dep l etion.

Deticiency of vitamin A

(Panda, Combs and Devolt, 1964) pantothenic acid, pyridoxine, riboflavin, biotin, pterylglutamic acid, thiamine, vitamin D (Pruzansky
and Alexrod, 1955a) decreases growth rate in animals.

31
The experimental diets used in this experiment are deficient in all
the nutrients and the reduction in growth in the animals is in agreement
with others.
Hemoglobin levels
Hemoglobin levels of rats fed the basal diet alone are higher than
the rats in the other groups.

The hemoglobin levels did not follow the

food consumption pattern of the rats.

Table 4 shows that the hemoglobin

levels decreased as the diets became more and more deficient.

This was

true whether coprophagy was allowed or prevented. There were no significant
differences in blood hemoglobin levels between the rats fed the basal
diet and rats fed the diet diluted with 30 percent sucrose.

Hemoglobin

levels tended to be slightly higher when coprophagy was allowed.
The decreases found in hemoglobin levels of rats fed diets diluted
with sucrose might be due to the deficiencies of factors involved in
the synthesis
of hemoglobin especially protein, iron and vitamins.
\
Harmon et al. (1963) found insignificant hemoglobin changes during
protein depletion.

The small changes observed in the hemoglobin level

on the diets might be due to the ability of the body to conserve the
amounts of circulating hemoglobin even more tenaciously than the plasma
proteins.
Hematocrit
The mean hematocrits of rats fed the various diets are presented
in Table 4.

The rats fed the basal diet had slightly higher hematocrit

than the rest of the rats.

The differences in the hematocrit between

coprophagy allowed and prevented groups were insignificant, except in
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Group I which had a significantly higher (P < .OS) hematocrit
than in Group Ia (Table 3).
Serum vitamin A levels
The serum vitamin A levels of the rats are summarized in Table 4.
The mean serum vitamin A level of rats in Group I is significantly
higher (P

<

. OS) than the rest of the groups.

The results show that

as the diet was diluted with sucrose serum vitamin A levels de creased.
No significant differences were observed in the serum vitamin A level
of coprophagy allowed and prevented rats.
The decreased levels of serum vitamin A found in this experiment
are in agreement with Harmon et al. (1963) .

The changes observed in

vitamin A level is not so marked as that of serum protein or antibody
titer.

The smaller changes in serum vitamin A level may be due to

stores of vitamin A in the liver which must be depleted before serum
vitamin A levels are decreased (Wohl and Goodhart, 1970).

Harmon et al.

(1963) found lower serum vitamin A levels in pigs weaned when 12 hours
old than in pigs weaned at S days of age, when fed diets deficient in
vitamin A.
Serum vitamin A levels do not reflect recent intake as enormous
quantities of vitamin A are stored in the liver (Wohl and Goodhart,
1970).

But for full utili zation of liver vitamin A an adequate

quantity of protein is needed as protein seems to be involved both in
the transport of vitamin A to the liver and in the mobilization of
liver vitamin A to other tissues (Arroyave, 1969) .
The lower levels of vitamin A of rats fed diets diluted with
sucrose could thus be attributed to both lower intake of vitamin A
as well as lower dietary protein .
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Organ weights
The organ weights of the rats are given in Table 6.

The spleens

of rats in Group VIII were reduced in actual weight to about 25 percent
of normal.

The liver weights were also reduced in weight as the diet

was diluted more severely with sucrose .

Kenney et al. (1968) found in

protein depleted rats the spleen weights reduced in actual weight about
60 percent of normal and the liver weights about 60 percent of normal .
More drastic reduction in the organ weight noted in this study may be
due to the deficiencies of vitamins along with protein .

The brain

weights of rats fed basal diet were also significantly higher than the
other groups .

Notable changes were observed in the kidney weights of

the rats, the weights decreasing as the diet was diluted with sucrose .
The organ weight of coprophagy prevented rats were less than coprophagy
allowed rats.

Table 6.
Group

Spleen, liver, kidney and br ain weigh ts of rats fed diets varying in nutrient density 1
Diet
Basal diet Sucrose

(%)

Spleen wt.
(g)

Liver wt.
(g)

Kidney wt.
(g)

Brain wt.
(g)

Coprophagy allowed
100
0

0.68 ± 0.13

15.27 ± 1.67

2.37 ± 0.18a

1.88 ± 0.06

(%)
I
II

90

10

0.64 ± 0.10

12. 83 ± 1. 2oa

2.07 ± 0.17a

1.84 ± 0.07

III

80

20

0.41 ± 0.03a

12.85 ± 0.6la

1.64 ± 0.14b

1. 78 ± 0. o6a

IV

70

30

o.44 ± o.o5a

10.69 ± 2.02b

1. 69 ± 0. 26b

1. 74 ± 0.03

v

60

40

0.39 ± 0.02a

9.96 ± o.75b

1.53 ± 0.07b

1. 79 ± 0. 06a

VI

50

50

0.21 ± o.o5b

7.03 ± 0.72c

1.05 ± 0.14c

1.68 ± 0.06

VII

40

60

0.26 ± o.o4b

7.03 ± 0.63c

1.08 ± 0.09c

1.64 ± 0.02

0.17 ± 0.03b

5.46 ± 0.78c

0.78 ± 0.05c

1.59 ± 0.05

VIII
Ia

25
75
Coprophagy prevented
100
0

0.61 ± o.o8a

13.71 ± 2.9a

2.20 ± 0.24a

1.87 ± 0. 08a

2.03 ± 0.4la

1.86 ± o.o6a

Illa

80

20

o.55 ± o.05ab

12.60 ± 2.75a

Va

60

40

o.45 ± o.uab

9. 75 ± 1. 09

1.46 ± 0.17

1. 71 ± 0 .12

Vlla

40

60

0.23 ± 0.03

6.96 ± 1.94

0.94 ± 0.08

1.65 ± 0.09

~ean

± standard deviation .

Values with the same letter are not significant (P < .05).

w

~
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CONCLUSIONS
Antibody production was more severely affected by dietary
deficiencies than were the levels of serum proteins, serum vitamin A,
hemroglobin or hematocrit.

A 10 percent dilution of the basal diet with

suc rro se produced a 44 percent decrease in antibody titer with only 2,
3, l4 and 21 percent decreases in hematocrit, hemoglobin, total serum
pro ·tein and serum vitamin A, respectively.

Thus, antibody response can

be a very sensitive index to malnutrition.
The results of this study show that antibody response may be used
as ,a quantitative index in measuring dietary inadequacies in general
whi1ch, in turn, reflect general health status of an individual.

The

use o f antibody response as a technique has many advantages over other
indice s commonly used in nutritional studies.
Antibody response measures the functional status of an individual
as i t measures the synthesis of a new protein .
Antibody response measures the general status of various nutrients
in the body while the various biochemical indices show the individual's
status with respect to a particular nutrient(s).
Antibody response as a technique is simple to use.

Moreover, it

may be used as a single test for general nutritional status in
nutr i tional studies.
Use of antibody response in nutritional studies has an added
adv·antage of immunizing the individuals examined.
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Additional information is needed relating to:
Measurement of antibody titer along with serum protein fractions
and other nutritional indices relating to specific nutrient deficiencies.
The mode of action of individual nutrients in antibody synthesis.
Antibody production in animals and humans consuming experimental
diets based on diets (and dietary patterns) normally followed will provide basic information for evaluating the antibody response as a
quantitative index in nutritional studies.

37

LITERATURE CITED
Agnew, R. C. and R. Cook. 1949. Antibody production in pyridoxine
deficient rats. British Journal of Nutrition 2:321-325.
Arroyave, G. 1969. Interrelations between protein and vitamin A
metabolism. American Journal of Clinical Nutrition 22:1119-1128.
Axelrod, A. E. 1958. The role of nutritional factors in the antibody
responses of the anamnestic process. American Journal of Clinical
Nutrition 6:119-125.
Axelrod, A. E. 1970. Nutrition in relation to acquired immunity.
p. 612-622 in M. G. Wohl and R. S. Goodhart (Eds.). Modern
Nutrition in Health and Disease, 4th ed. Lea and Febiger,
Philadelphia.
Axelrod, A. E. 1971. Immune processes in vitamin deficiency states.
American Journal of Clinical Nutrition 24:265-271.
Axelrod, A. E., B. B. Carter, R. R. McCoy and R. Geisinger. 1947.
Circulating antibodies in vitamin deficiency states, I.
Pyridoxine, riboflavin and pantothenic acid deficiencies.
Proceedings of the Society for Experimental Biology and Medicine
66:137-140.
Axelrod , A. E. and S. Hopper. 1960. Effects of pantothenic acid,
pyridoxine and thiamine deficiencies upon antibody formation to
influenza virus, PR-8 in rats. Journal of Nutrition 72:325-330.
Axelrod, A. E., S. Hopper and D. A. Long. 1961. Effects of pyridoxine
deficiency upon circulating antibody format i on and skin hypersensitivity reactions to diphther ia toxoid in guinea pigs. Journal of
Nutrition 74:58-64.
Axelrod, A. E. and J. Pruzansky. 1955 . Effect of vitamin deficiencies
upon antibody production. Federation Proceedings 14:427-428.
Balch, H. H. 1950. Relation of nutritional deficiency in a man to
antibody production. Journal of I mmunology 64:397-410 .
Barnes, R.H., F. C. Fiala and E. Kwong. 1963. Decreased growth rate
resulting from prevention of coprophagy. Federation Proceedings
22:125-128.
Benditt, E. P., R. L. Woolridge, D. A. Rowley and C.H. Steffer. 1949.
Loss of body protein and antibody production by rats on low protein
diets. Proceedings of the Society for Experimental Biology and
Medicine 70:240-243.

38
Bessey, O. A. 1950. Vitamin A and carotene. 1 . Serum. Vitamin
Methods 1:297-300. Academic Press Inc. Publishers. New Yor k.
Bos shardt , D. K., J.P. Winifred and R.H. Barnes. 1949.
of diet composition on. vitamin B12 activity in mice.
Nutrition 40:595-603.

The influence
Journal of

Brin, M., M. Tai, A. S. Ostashever and H. Kalinsky. 1960. The relative
effects of pyridoxine deficiency on two plasma transaminases in
the growing and in the adult rat. Journal of Nutrition 71:416-420 .
Carter, B. B., and A. E. Axelrod . 1947. Circulating antibodies in
vitamin deficiency states: II. Thiamin and biotin deficiencies.
Proceedings of the Society for Experimental Biology and Medic ine
67:416-417.
Crosby, W. H., S. I. Munn and F. W. Furth. 1954. Standardized me thod
for clinical hemoglobinometry. United Stated Armed Forces Medical
Journal 5:693-703.
Dakshinamurthi, K. and S. P. Mi~try. 1963. Tissue and intercellular
distribut ion of biotin - 1 COOR in rats and chicks. Journal of
Biological Chemistry 238:294-296.
DeLuca, L., E. P. Little and G. Wolf. 1969. Vitamin A and protein
synthesis by rat intestinal mucosa. The Journal of Biological
Chemistry 244:701-708.
DeLuca, L. and G. Wolf.
mucuous membranes.
22:1059-1062.

1969. Vitamin A and prot ein synthesis in
American Journal of Clinical Nutrition

Dietri·ch, L. S. and D. M. Shapiro. 1953. Comparison of desoxy
pyridoxine and pyridoxine deficiency therapy on various vitamin
B enzymes. Proceedings. of the Society for Experimental Biology
6
and Medicine 84:555-558.
Erwin, E. S., T. R. Varnell and .1 H; M. Page. 1959. Relationship of
vitamin A and carotene to bovine serum protein. Proceedings of
the Society for Experimental Biology and Medicine 100:373-375.
FAO.

1959a. Report of fourth conferen e on nuLr1t1on problems in
Latin America. Nutrition Meetings Report Series 18:9-12.

FAO.

1959b. Report of nutrition committee for middle east.
Meetings Report Series 24 :6-10 .

FAO.

1960. Report of the symposium on education and training in
nutrition in Europe. Nutrition Meetings Repo rt Ser ies 26 :3-7.

FAO.

1961. Report of technical .meeting on nutrition and food policy
and planning in Asia land. and the Far East. Nutrition Meetings
Report Series 28:3-14.

Nutrition

39
surv~ys.

FAD.

1962. Manual on household food consumption
Nutritional Studies 18:6.

FAO

FAC).

1963. The third world survey.
Basic Study 11:36-51.

FAD.

1965. Malnutrition in relation to agricultural production.
Nutrition Meetings Report Series 24:30-39.

Freedom From Hunger Campaign

Ferro, L. 1966. Rapid evaluation of nutrition level.
Journal of Clinical Nutrition 19:247-254.

American

Genneroy, D. G. and A. H. Koffler. 1949. Production of antibodies
in protein depleted and repleted rabbits. Journal of Nutrition
39:299-311.
Greene, M. R. 1933. Effects of vitamin A and D on antibody production
and resistance to infection. American Journal of Hygiene 17 : 60-101 .
Harmon, G. B. 1963. Relationship of specific nutrient deficiencies
to antibody production in swine: I. Vitamin A. Journal of
Nutrition 79:263-268.
Harmon, G. B., D. E. Miller, J. A. Hoefer, D. E. Ullrey and R. W.
Luecke. 1963. Relationship of specific nutrient deficiencies
to antibody production in swine: II. Pantothenic acid,
pyridoxine or riboflavin. Journal of Nutrition 79:269-275.
Harmon, G. B., E. R. Miller, D. E. Ullrey and J. A. Hoefer. 1960.
Effect of vitamin A deficiency on the antibody producing
ability of swine. Journal of Animal Science 19:1265.
Hodges, R. E. 1962. Factors affecting antibody response. I. Effects
of variations in dietary protein upon antigenic responses in men.
American Journal of Clinical Nutrition 10:500-505.
Ho&ges, R. E., W. B, Bean, M.A. Ohlson and R. E. Bleiler. 1962a.
Factors affecting antibody response: V. Combined deficiencies
of pathothenic acid ~nd pyridoxine. American Journal of Clinical
Nutrition 11:187-199.
Ho&ges, R. ·E., W. B. Bean, M.A. Ohlson and R. E. Bleiler . 1962b.
Factors affecting antibody response. III. Immunologic response
of men deficient in pantothenic acid. American Journal of
Clinical Nutrition 11:85-93.
Ho&ges, R. E., W. B. Bean, M.A. Ohlson and R. E. Bleiler. 1962c.
Factors affecting human antibody response. IV. Pyridoxine
deficiency. American Journal of Clinical Nutrition 11:180-186.
Kenny, M.A., L. Arnrich, E. Mar and C. E. Roderick. 1965. Influence
of dietary protein on complement, properdin and hemolysin in adult
protein depleted rats. Journal of Nutrition 85:213-220.

40
Kenny, M. A., C. E. Roderick, L. Arnrich and F. Piedad-Pascual. 1968.
Effect of protein deficiency on the spleen and antibody forming
cells in rats. Journal of Nutrition 95:173-178.
Kolmer, J. A. 1955. Nutrition in relation to infection and immunity.
pp. 448-509. In M. G. Wohl and R. S. Goodhart (Eds.). Modern
Nutrition in Health and Disease, 3rd ed. Lea and Febiger,
Philadelphia.
Krebs, E. G. 1946. Depression of gamma globulin in hypoproteinemia
due to malnutrition. Journal of Laboratory and Clinical Medicine
31:85-89.
Kumar, M., and A. E. Axelrod. 1968. Cellular antibody synthesis in
vitamin B6-deficient rats. Journal of Nutrition 96:53-59.
Kumar, M. and A. E. Axelrod. 1969. Circulating antibody formation
in scorbutic guinea pigs. Journal of Nutrition 98:41-44.
LeClerg, E. L., W. H. Leonard and A.G. Clark. 1962. Field Plot
Technique. Burgess Publishing Company, Minneapolis 23, Minnesota
pp. 50-57.
Little, P.A., J. J. Oleson and P. K. Roesch. 1950. The effect of
pterolglutamic acid on some immune responses of chicks. Journal
of Immunology 65:491~498.
Long , D. A. 1950. Ascorbic acid and the production of antibody in
the guinea pig. British Journal of Experimental Pathology
31:183-188.
Ludovici, P. P. and A. E. Axelrod. 1951. Circulating antibodies
in vitamin deficiency states: Pterolglutamic acid, niacintryptophan, B12 , A and D deficiencies . Proceedings of the
Society for Experimental Biology and Medicine 77:526-530.
McGillivary, J. J. 1968. Immunological response of the pig as
affected by amino acid nutrition. Dissertation Abstract n
28:4828B. (Original not seen; Abstracted in Nutrition Abstracts
and REviews 29:706).
Meister, A., H. P. Morris and S. V. Tice. 1953. Effect of vitamin B6
deficiency on hepatic transaminase and cysteine desulphydrase
systems. Proceedings of Society for Experimental Biology and
Medicine 82:301-304.
Miller, E. R., B. G. Harmon, D. E. Ullrey, D. A. Schmidt, R. W. Luecke
and J. A. Hoefer. 1962. Antibody absorption, retention and
production by the baby pig. Journal of Animal Science 21:309-314.
Montjar, M., A. E. Axelrod and A. C. Trakatellis. 1965. Effect of
pyridoxine deficiency upon polysomes and messenger RNA of rat
tissues. Journal of Nutrition 85:45-48.

41

Neibaur, B. N. 1971 . Immunological Response of Rats Fed Decreas ing
Levels of Deitary Iron and Calcium with or without Vitamin D.
Unpublished MS thesis. Utah State Univers ity Library, Logan,
Utah.
Panda, B. and G. F. Combs. 1963. Impaired antibody production in
chicks fed diets low in vitamin A, pantothenic acid or riboflavin .
Proceedi ngs of the Society for Experimental Bi ology and Medicine.
113:530-534.
Panda, B., G. F. Combs and H. M. DeVolt. 1964. Studies on Coccidiosis
and vitamin A nutrition of broilers . Poultry Science. 43:154-164.
Pruzansky, J . and A. E. Axelrod . 1955a. Antibody production to diphtheria toxoid in vitamin de fici ency states. Proceeding s of the
Society for Experimental Biology and Medicine. 89:323-325.
Pruzansky, J. and A. E. Axelrod. 1955b . Effect of B complex deficiencies on rat serum complement. Proceedings of the Society of Experimental Biology and Medicine. 88:179-181.
Schaefer, A. E. and 0. C. Johnson . 1969. Are we well fe d?
for the answer. Nutrition Today 4(1):2.

The search

Scrimshaw, N. S., C. E. Taylor and J. E. Gordon . 1959. Interactions
of Nutrition and Infection. World Health Organizat ion. Geneva.
152-157.
Shinde, V. P. and S. D. Ambegaokar. 1967 . Effect of pantothenic acid
deficiency on blood constituents. Journal of Nutrition and
Dietetics 4:189-19 2 .
Shiro, J. 1967. Studies on the inhibitory effect of pyridoxine
deficiency on the antibody formation. Vitamins 36:434-446.
(Original not seen; abstracted in Biological Abstrac ts 49:68553).
Steele, T. G. D. and J. H. Torrie. 1960. Principles and Procedures
of Statistics. McGraw-Hill, New York. 481 pp.
Stoerk, H. C., H. N. Eisen and H. M. John. 1947 . Impairment ot
antibody response in pyridoxine deficient rats. Journal of
Experimental Medicine 85:365-371.
Stroder, J., F. C. Land, P. Emmerling and H. Finger . 1969.
of the formation of antibodies in rats with rickets.
Z. Kinderheilk 107:165-174 .

Studies

Tadayyon, B. and L. Lutwak . 1969. Role of coprophagy in utilization
of triglycerides, calcium, magnesium and phosphorous in the rat.
Journal of Nutrition 97:243- 245.

42
Tas>hmukhamendov, F. R. 1966. Effect of vitamin B
on imrnunogenesis
12
in experimental immunization with tetanus toxoid. Federation
Proceedings 25:Tl43-Tl45.
Vakdl, U. K., O. A. Roels and M. Trout. 1963. Storage and transport
of vitamin A in relation to protein intake. British Journal of
Nutrition 18:217-225.
Wadldel, W. J. and N. C. Hill. 1956. A simple ultraviolet spectrophotometric method for the determination of protein. Journal of
Laboratory and Clinical Medicine 48:311-314.
Wag;el, S. R., R. Mehtha and B. C. Johnson. 1957. Vitamin Bi2 and
protein synthesis. III. The B12 complex nature of the incorporation enzyme present in cell supernatant. Archives of Biochemistry
and Biophysics 72:241-243.
Wer:kman, C.H., V. E. Nelson and E. I. Fulmer. 1924. Immunologic
significance of vitamins. Journal of Infectious Diseases
34:447-453.
Wis:sler, R. W., R. L. Woolridge, C. H. Steffer and P. R. Cannon. 1946.
The relationship of the protein-reserves to antibody production.
Journal of Immunology 52:267-280.
Woh:l, M. G. and R. S. Goodhart. 1970. Modern Nutrition in Health and
Disease. Lea and Febiger, Philadelphia. 578 pp.
Wah - , M. G., J. G. Reinhold and S. B. Rose. 1949. Antibody response
in patients with hypoprotenemia. Archives of Internal Medicine
83:402-415.
Wolff, R. H., O. Felsenfeld, R. B. Brannon and W. E. Greer. 1970.
Low protein intake and response to Escheri hia coli 055 infection
in Patas monkeys. Digestive Diseases 15:819-83-3-.~
Wri~ht,

L. D. and A. D. Welch. 1944. Felic and biotin and pantothenic
acid deficiency and the liver storage of various vitamins in rats
fed succinylsulphathiazone in highly purified r ations. Journal
of Nutrition 27:55-65.

Zucl«er, T. F. and L. M. Zucker. 1956 . Antibody formation and natural
resistance in nutritional deficiencies. Journal of Nutrition
59:299-308.

43

APPENDIXES

44

Appendix I
Composition of mineral mixture 1
Salt
Sodium chloride
Potassium biphosphate
Magnesi um sulphate
Calcium carbonate
Ferrous sulphate
(lFeS04 ·H20)
Potassium iodine
Manganese sulphate
Zinc chloride
Cop er sulphate
Cobalt chloride

Grams/100 g diet
13.938
38.606
5. 720
38.108
2.697
0.0791
0.4455
0.0259
0.4759
0.00227

Mineral
Sodium
Chloride
Potassium
Phosphorous
Magnesium
Calcium
Iron
Iodine
Manganese
Zinc
Copper

Grams/100 g diet
0.206
0.320
0.420
0.330
0.043
0.580
0.020
0.0023
0.0050
0.0005
0.0005

lJ. Nu tr. 24:245, 1942

Comp osition of vitamin mixturel
Vitamin
Thiamine
Riboflavin
Niacin
Pyridoxine
Cal c ium pantothenate
Inositol
P-amino benzoic acid
Folic acid
Chlorine
Vitamin B12
Biotin
Vitamin A
Menadione
Vitamin D
Vitamin E

Grams/100 g
0.002
0.002
0.009
0.002
0.006
0.010
0.010
0.00018
0.1500
0.0000027
0.00004
0.009
0.0045
0.005
0.0100

1
Vitamin Diet Fortification Mixture, Nutrition Biochemical Corporation
(Cleveland, Ohio)

45

Appendix II

Antibody titers of rats

Group

Diet
Basal diet Sucrose
%

December 11

December 23

December 29

%

Coprophagy allowed
I

100

0

100 ± 30

180 ± 32

150 ± 40

II

90

10

70 ± 27

90 ± 22

80 ± 25

I

80

20

65 ± 23

90 ± 22

60 ± 0

IV

70

30

35 ±

6

80 ± 27

30 ± 10

v

60

40

45 ± 11

85 ± 23

40 ± 17

VI

50

50

25 ± 0

62 ± 18

19 ± 10

VII

40

60

25 ± 0

40 ± 13

15 ±

6

VIII

25

75

10 ± 6

25 ±

10 ±

6

I

7

Coprophagy prevented
Ia

100

0

100 ± 0

150 ± 42

125 ± 41

Illa

80

20

80 ± 27

95 ± 37

75 ± 31

Va

60

40

40 ± 13

85 ± 31

35 ± 17

Vlla

40

60

35 ± 13

60 ± 26

30 ± 10

390
I

360
330

II

300
III

270

IV

240

v

210

~::s

p..

I-'•

x

H
H

180

H

VI

150

VII

120
90

---e-

VIII

60
30
13
Nov

9

19

22
28
Experimental Days

34

40

46

Growth rates of coprophagy allowed rats fed diets of varying nutrient densi ty.

..,..

°'

390
360
330
300
Illa

270
:i:>

240

ro

:::J

210

Va

Cl.
f-1•
~

H

<:

180
150
Ila

120
90
60
30
13
Nov

9

19

22
28
Experimental Days

34

40

46

Growth rates of coprophagy prevented rats fed diets varying in nutrient density .
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